October 30, 2009, the GEM officially launched, which was an important step to improve China's capital market system. For the listed companies, investment efficiency is one of the three major investment decisions. Due to the short period of study, the research area is less related to the GEM listed companies.
Introduction
October 30, 2009, China's formal establishment of the GEM, made the construction of the multi-level capital market system have improvement. Compared to the Shanghai and Shenzhen motherboards, small and medium-sized board, the most important function of the GEM is to provide financing and transactions for the high potential start-up technology companies. The research angle of this paper is to measure the degree of inefficient investment of the GEM listed companies. Inefficient investment means that when an investment decision deviates from the maximization of the firm, the senior manager invests in a project with a net present value of less than zero (overinvestment) or gives up a project with a net present value greater than zero (underinvestment). 1976), the perspective of Free Cash Flow Hypothesis (Richardson, 2006; Yu Honghai et al., 2010) , the concept of Information Asymmetry Theory (Myers and Majluf, 1984; Wang Song, 2011) , the perspective of Financing Constraints Hypothesis (Fazzari et al., 1988; Kaplan And Zingales, 1997) . On the other hand, it is the measure of inefficient investment. There are three widely used models, which are the investment-cash flow sensitivity analysis model based on the Tobin Q model (Fazzari, Hubbard and Petersen, 1988) , Vogt model based on cash flow, sales revenue and Tobin Q (Vogt, 1994) and the Richardson residual measure model using the model residuals to measure the overinvestment and underinvestment (Richardson, 2006) .
In fact, investment decision-making has been the core of the company's investment process. As the high-tech company incubator platform, the establishment of the GEM was not long and its listed companies have different degrees of inefficient investment behavior. This paper makes an empirical study on the inefficient investment level of listed companies on the GEM to lay the foundation for improving the investment efficiency of listed companies on the GEM, so that the micro-subject in the multi-level capital market can clearly define the direction of its own need. In addition, we also hope to provide empirical reference for the policy makers in the formulation of relevant policies to create a good market environment for listed companies.
Specifically, this article is to answer the following questions: First, what causes inefficient investment behavior of the GEM listed companies? Second, how to measure the extent of inefficient investment in listed companies on the GEM? The main body of the article is divided into five parts, summarized as follows:
The first chapter is the overall description of the study, including the meaning and content of this article, the method used.
The second chapter reviews the four related theories and literatures of Principal-agent Theory, Free Cash Flow Hypothesis, Information Asymmetry Theory and Financing Constraint Hypothesis, providing theoretical basis for empirical analysis.
The third chapter is the research design, on the basis of theoretical review and literature review, gives the explanations of the variables involved and the model construction process.
The fourth chapter is the empirical analysis, and the Expected Investment Model is used to measure the difference between the expected investment and the actual investment of the GEM listed companies.
The fifth chapter is the conclusion and the prospect, using the theoretical and the empirical analysis, draws the corresponding conclusion, and carries on the prospect to the future research.
Theoretical Review and Literature Review

Principal-agent Theory
Principal-agent theory, as a logical starting point for modern corporate governance, was proposed by American economists Berle and Means in 1932 . The theory believes that the owners of the company, only to retain the remaining claims, and give out the right to operate the business, is a way to promote the company's professional management and long-term development.
Principal-agent theory holds that the emergence of principal-agent relationship is the inevitable result of the continuous development of productive forces and the social division of labor. The reason is that the continuous development of productive forces, making the division of labor more and more specific, the owner may lack the appropriate knowledge, skills and time so that rights cannot be realized by their own. At the same time, the social division of labor makes professional agents have the appropriate knowledge, skills and time, can be entrusted with the realization of rights. The requirements of professional management are getting higher and higher in modern companies. The owner of the company will deliver the rights to the agent through the contract, and provide incentives and other incentives for the agent. However, the client and the agent's utility function are not consistent. However, their goals are not the same, resulting the agency conflict. If there is no effective mechanism to arrange, then the agent has the motivation to maximize the utility of their own at the expense of the client's max utility, which will deviate from the basic purpose client establish the contract. Therefore, the principal-agent theory mainly studies how to design the best contract to motivate manager to maximize the interests of the client in the case of agency conflict.
In the case of the separation of general ownership and management rights of modern listed companies, the shareholders who are holders of ownership are largely unable to intervene in corporate governance. As a senior manager, through the contract given by the decision-making power and become the actual controller of the company. Under the premise of the pursuit of different maximization, senior managers will make their own interests and make a company development plan that is not conducive to the interests of shareholders. This is reflected in the inefficient investment in the field of corporate investment. Therefore, the principal-agent conflict between the shareholders of the GEM listed companies and the senior manager may lead to the company's inefficient investment behavior.
Free Cash Flow Hypothesis
The Free Cash Flow Hypothesis, which was derived from agency issues, was presented by Jensen in 1986. Free cash flow refers to the remaining cash flow that the company places on the cash held by all the items whose net present value is greater than zero. Due to the existence of agency problems, the profit maximization goal of shareholders and senior managers are not consistent with the long term, then the senior managers have the motivation to maximize their profits, regardless of the interests of shareholders, resulting in irrationally use free cash flow. So, Jensen believes that if shareholders can fully hold free cash flow will be able to limit the rights of senior managers to some extent, thereby reduce the cost of agents to ease the agency conflict.
If the shareholders cannot grasp the free cash flow, then this part of free cash flow within the company will be used by senior managers. In order to promote the development of performance and reflect the value of their own existence, senior managers tend to invest, since all projects with net present value greater than zero have been invested, then follow-up investment often means that the net present value of investment target is less than zero, leading to the company's overinvestment behavior. In the empirical study of this hypothesis, most scholars recognize that companies with large free cash flow are more likely to overinvest.
Information Asymmetry Theory
Mastering the complete information is a basic assumption of classical economics for economic people, but in real life, all market participants can not completely occupy the market information, information asymmetry arising from this. G. Akerlof (1970) , M. Spence (1973) , J E. Stiglitz (1981) studied the effects of information asymmetry from three different areas of commodity trading, labor and financial markets. The theory shows that in the information market, all market participants, because they have different resources, so obtain the information from different ways. All participants have the incentive to obtain more information in order to obtain more benefits and to avoid more risks, which leads to the fact that the party with more information is profitable by passing information to the party with less information. Therefore, information economics believes that information asymmetry will cause the unbalanced interests of market participants.
The asymmetry of information between the company and the outside investor can make it difficult for the outside investor to make an accurate valuation of the company. In order to reduce the risk of loss, it tends to underestimate the value of the company so that the financing costs of company in the capital market is raised, and when the internal cash is in the shortage, the senior managers do not want to choose external financing with high cost to meet the investment needs, to give up investment in projects whose the net present value is larger than zero, resulting in insufficient investment. If there is a higher valuation of external investors, the company will have too much free cash flow, to promote excessive investment behavior. So the company's information asymmetry in the external investors may lead to the company's inefficient investment behavior.
Financing Constraint Hypothesis
The concept of financing constraints, the earliest put forward by Fazzari, Hubbard and Petersen in 1988 based on the capital market information asymmetry, and the theory of optimal order financing. If the capital market is perfectly competitive, the company's internal financing and external financing can replace each other, then the company's investment decision-making and financing are independent of each other, so the amount of investment depends entirely on investment opportunities, and not be influenced by the financing of the way. However, in the real economy, the capital market is not completely competitive market, due to information asymmetry, transaction costs and other factors exist, the company's internal financing and external financing cannot completely replace each other, financing will affect the investment decision-making.
Relative to external financing, the internal financing has the advantage of lower cost, is the company's preferred way of financing, but it has premise that the company has surplus cash flow. When the current offer is not established, the internal financing is difficult to achieve, then turned to external financing. External financing is based on information asymmetry between the company and the investor, and it is difficult for the capital market to distinguish the quality of the company and to set interest rates in accordance with the average level of all companies, which leads to a better-performing company than above bear higher cost to get financing. High transaction costs become the reason for restoring the company's further investment. From the above analysis we can see that when there is a cash gap, while difficult to obtain external financing, investment will be subject to financing constraints. In 1984, Myers and Majluf argued that the cost of raising external funds was often higher than the cost of using internal funds due to the asymmetry of information. Therefore, in order to meet the needs of future investment, the company should maintain a certain cash flow. Therefore, the lack of free cash flow of the company, due to financial constraints, more prone to underinvest.
Research Design
Data Sources and Sample Selection
Based on the accuracy and availability of data, this paper selected the data of the GEM listed companies from 2010 to 2015 and screened them according to the following criteria: (1) By removing the samples listed in the study year, for the calculation needing to use the previous year's financial data and market transactions data; (2) excluding the financial and insurance industry, the real estate industry and incomplete data companies. The final sample involved 408 listed companies, a total of 2030 observations. The financial data and market transaction data used in the study are from the CSMAR database. This paper uses Excel and Stata software for data processing and empirical analysis.
Model Design and Variable Definition
In the field of investment, there are many literatures that study the determinants of the firm's investment level (Hubbard, 1998; Stein, 2003) . Based on these, combined with Richardson (2006) model to form the Expected Investment Model. By using GMM to get estimation of new investment, combined with the normal amount of investment, the amount of overinvestment and underinvestment can be calculated. The formula is as follows: I i,t =a 0 +a 1 Growth i, t-1 +a 2 Lev i, t-1 +a 3 Cash I, t-1 +a 4 Age I, t-1 +a 5 Size i, t-1 +a 6 Ret i, t-1 +a 7 I i, t-1 +Industry Dummy+Year Dummy+ε i, t (Expected Investment Model)
In the above model, I i, t is company i's new investment in year t, Growth i, t-1 is the growth opportunity of company i at the beginning of year t, Lev i, t-1 is the asset liability of company i at the beginning of year t, Cash i, t-1 is the cash holding amount of company i at the beginning of year t, Age i, t-1 is the year of listing of company i until the beginning of year t, Size i, t-1 is company i's size of the assets at beginning of year t, Ret i, t-1 for the company i's net asset yield at the beginning of year t, I i, t-1 is company i's new investment in year t-1. Industry Dummy, Year dummy are variable for control the influence from the industry and year, ε i, t is the error adjustment. Expected Investment Model residuals for the actual amount of new investment minus the expected new investment, if it is positive, it means that overinvestment, with OI i, t represents; if it is negative, it indicates lack of investment, with the UI i, t represents.
Empirical Analysis of the Expected Investment Model
Descriptive Statistics of Variables
First, descriptive statistics are made for the variables in the Expected Investment Model. The results are shown in Table 1 . As shown in Table 1 , the average annual investment of GEM listed companies from 2010 to 2015 is 23.2% of the total assets. All companies are in the stage of upgrading the investment level, but there are some differences in the investment level of different companies; the company's growth opportunities fall within a long positive and negative range, the standard deviation of 1.024, indicating that some companies show a high growth trend, some companies show lower or even negative growth trend. And between different companies, the company's asset-liability ratio fell between 1.1% and 88.6%, indicating that some companies have more appropriate level of debt and risk control, some companies are subject to higher debt pressure and greater operational risk. In general, different companies have different consistency in different indicators, but from the standard deviation point of view, the difference is more obvious.
Model Inspection and Selection
Correlation Test
The correlation between two variables can be calculated by Pearson test. It is generally believed that the absolute value of the Pearson coefficient is less than 0.1 belongs to the low correlation, in the range of 0.1 to 0.3 is moderate correlation, more than 0.5 is highly correlated. The Pearson coefficients of the Expected Investment Model are shown in Table 2 . The absolute value of the Pearson coefficient between variables are almost less than 0.5, indicating that there is no serious collinearity. Note: ***, **, * are indicated at 1%, 5%, 10%, respectively
There exists absolute value of Pearson coefficients greater than 0.5, so test the variance expansion factor (VIF) value for further inspection. It is generally assumed that if VIF value is between 1 and 10, there is no serous multiple collinearity. As can be seen from Table 3 , the VIF values of the variables and the VIF mean belong to the absence of serious multiple collinearity. Therefore, it is determined that there is no serious multicollinearity in the Expected Investment Model. Table 4 . From the P value, we can see that the test results strongly reject the original hypothesis, and that there are heteroskedasticity, so we use the White estimation to eliminate the heteroscedasticity when introducing the regression. Table 5 , by the P value shows that the test results rejected the original hypothesis, that there are individual effects. Individual effects need to be further determined whether the random effect model or the fixed effect model is selected, so enter the Hausman test. The Hausman test assumes that "Individual effects are random". Test results shown in Table 6 , from the P value shows that the test results strongly rejected the original hypothesis, so select fixed effect model. (7) 275.77 0.0000
Autocorrelation Test
When select the GMM for dynamic unbalanced panel, the first step is to verify the validity of this method as a consensus estimate before the reunification. This is done by the Arellano-Bond test to detect whether there is a first order and second order autocorrelation for the difference of the perturbation term. Test results shown in Table 7 , P value shows the presence of a differential disturbance order autocorrelation, there is no second order autocorrelation, so accept the null hypothesis "disturbance term |ε i, t | is no autocorrelation" which means the GMM is valid. 
Return Results and Inefficient Investment Degree
Regression Results
The GMM method is used to return the Expected Investment Model. The empirical results are shown in Table 8 . Table 8 , we can see that the model is very significant and the explanatory ability is very strong. The new investment amount in this year is positively correlated with the growth opportunity, the cash holding amount, the firm size and the new investment amount in the previous year. The asset-liability ratio, the number of years of listing has a significant negative correlation with the company's stock returns have a positive correlation, but not significant. Specifically, part of the company's new asset investment is a multi-period continuous investment process, there will be increased investment this year because the increase investment last year. If the growth of the company is better, long-term asset investment will increase the scale for taking the long-term development strategy into account; the other hand, if the company is in a poor growth trend, it is more likely to reduce long-term asset investment scale to allocate funds to existing businesses, resulting in a decrease in new investment in the current period. The higher cash holdings, indicating higher cash liquidity and operating turnover. In this case, there are stronger motivations and conditions to invest. The greater the size of the company, it is easier to obtain high-quality project opportunities, which will promote the company to invest in large projects. The higher the level of corporate debt, the greater the risk of debt and operating risks faced by them, and the risk aversion in the course of investments, especially long-term investments, which will reduce the level of investment this year.
Inefficient Investment Degree
Descriptive statistics on inefficient investments are shown in Table 9 : As can be seen from the results of Table 9 , there are 1178 observations of inefficient investment, of which 54.16% are over-invested, and the average degree was 0.421; there were 540 observations, accounting for 45.84%, and the average degree of underinvestment was 0.497.
Research Conclusions and Outlook
Conclusions
Based on the Principal-agent theory and Information Asymmetry Theory combined with Free Cash Flow Hypothesis and Financing Constraint Hypothesis, this paper made a theoretical review of the causes of inefficient investment behavior. On this basis, this paper used residual of the Expected Investment Model to measure the degree of inefficient investment, from 2010 to 2015. The result is nearly half observation of the GEM listed companies have inefficient investment behavior, and there is no obvious bias between overinvestment and underinvestment.
This paper measured the level of inefficient investment of listed companies on the GEM, so that the micro-subject in the multi-level capital market can clearly define the direction of its own need. In addition, we also hope to provide empirical reference for the policy makers in the formulation of relevant policies to create a good market environment for listed companies.
Outlook
At present, the research on the investment efficiency of listed companies is less involved in the GEM listed companies. Therefore, this paper is an exploration of the field. The future research can expand to how to increase the investment efficiency of the GEM listed companies. At the same time with the continued development of the GEM, the sample can be studied will increasing. There will be able to carry out more in-depth and comprehensive empirical analysis for the sustained and healthy development of capital markets to provide theoretical support and empirical data.
